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ABSTRACT 


Dust continuum emission from a 6' x 20' region surrounding OMC-1 and 
OMC-2 has been mapped at 55 and 125 ym with 4' resolution. The dominant 
features of the maps are a strong peak at OMC-1 and a ridge of lower surface 
brightness between OMC-1 and OMC-2. Along the ridge the infrared flux 
densities and the color temperatures decrease smoothly from OMC-1 to OMC-2. 

WC-1 is heated primarily by several optical and infrared stars 
situated within or just at the boundary of the cloud. At the region of 
minimum column density between OhC-1 and OMC-2 the nearby BO. 5 V star 
NU Ori may contribute significantly to the dust heating. Near OMC-2 dust 
column densities are large enough so that, in addition to the OMC-2 infrared 
cluster, the nonlocal infrared sources associated with OMC-1 and NU Ori can 
contribute to the heating. 
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I. INTRODUCTION 

In this paper we present 55 and 125 nin maps, at 4' resolution, of a 
6' X 20' region In Orion containing the molecular clouds OMC-1 and OMC-2. 

A 400 urn map of approximately the same region by Smith et al . (1979b) 
shows a ridge of emission extending from OMC-1 through OMC-2 and continuing 
several arcmin to the north. Analysis of the 400 ym map and of molecular line 
maps (Kutner et al . 1976) shows that the condensations associated with OMC-1 
and OMC-2 are of comparable mass, ‘'-10 M^, and size, 'v2 pc. Higher resolution 
studies (Harper 1974, Werner et al . 1976, Thronson et al . 1978) have 
concentrated on the inmedlate vicinity of the OMC-1 and OMC-2 infrared clusters. 
The emphasis of the present work has been to study the large scale flux and 
temperature distributions by simultaneous mapping at two wavelengths and to 
use the results with other available data to understand the sources of dust 
heating In this region. 
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It. OBSERVATIONS 

The observations presented here were made with the 0.3 m, f/7.5 
telescope of the NASA Lear Jet Observatory during ten flights in February 
and March 1978. The photometer (Moseley 1979) provided simultaneous mea- 
surements in two broad passbands (42 ym-70 ym and 88 ym-320 ym at half power) 
with mean wavelengths near 55 ym and 125 ym. The beam diametei ^ (FWHM) were 
4'. The reference beam spacing was 15', oriented approximately east-west. 

The naps shown in Figure 1 were constructed from photometry of individual 
points; signals for each point were obtained by repetitive beam switching at 
fixed positions. Because of the large beam spacing, no corrections were made 
fo* 'iossible flux in the reference beams. Sampling intervals were ^1.'5 along 
^ ridge joining OMG-1 and OMC-2, and 3' over the remainder of the map. 

positional uncertainty in the 125 ym map is ±0l5 ; the two beam centers 
2 coincident within 0.7'. The OMC-1 peak was measured periodically to 
librate the signals and monitor atmospheric extinction (<8% at 55 ym; 

<20% at 125 ym). Flux densities were derived from the observed signals as 
described by Loewenstein et al . (1977), using an assumed spectrum of the form 

vB(v,T) where 7rB{v,T) is the Planck function. For a 4' dian«ter beam centered 

5 5 

on OMC-1, we assume flux densities of 4 x 10 Jy and 2 x 10 Jy at 55 ym and 

125 ym respectively (Thronson et al . 1978, Harper 1974) corresponding to a 

-8 -2 

temperature of 6QK. We assume a peak flux of 3 x 10 Wm for the 4' diameter 

5 

region (Thronson et al. 1978) which implies a luminosity of 2.5 x 10 for 

' 9 


an assumed distance of 500 pc. 
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The statistical errors (lo) at points displaced more than 3' from the 
OMC-1 peak are typically 0.5% of the peak flux (I.e., 2000 Jy at 55 ym and 
1000 Jy at 125 ym). The uncertainties due to spectral corrections are 
comparable to the statistical errors over most of the map. The absolute 
calibration has an estimated error of -^-20%. 
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III. RESULTS 

Maps of 55 ym and 125 ym surface brightness are presented in Figures 
la and lb. At both wavelengths, a strong maximum at OMC-1 dominates the map. 
At lov«r levies (1-10% of the peak surface brightness) the principal feature 
Is a ridge of emission approximately 12' NS x 6'EW between OMC-1 and OMC-2. 

At the temperatures derived for the mapped region (M0-65K, see below) a map 
of total flux Is essentially equivalent to the 55 ym map shown In Fig. la. 
Only In the hottest regions near OMC-1 (T>75K) does the total flux map differ 
from the 55 ym map by >30%. Integration over the maps yields total flux 
densities of F(55 ym) = 7 x 10^ Jy and F(125 ym) = 4 x 10^ Jy, nearly twice 
that observed at OMC-1 with the 4' beam. The total Infrared flux from the 

5 

mapped area Implies a luminosity 4.5 x 10 L. of which 90% Is emitted near 

OMC-1 (south of -5® 20')^ The remaining 10% (4 x lo\ ) comes from the 

region 4' north of OlC-1 comprising ^-1/2 of the total area. 

The present observations do not show the compact sources found with 

higher resolution observations. In addition to the 6' source centered on 

OfC-1, there Is a compact source ( 1' in diameter) associated with the OMC-1 

Infrared cluster (Harper 1974, Fazio et al . 1974, Werner et al . 1976). 

Similarly, 0.5' observations show a compact source centered on the OMC-2 

infrared cluster (Thronson et al . 1978). With a measured total flux of 
-10 - 2 ’ 

2 X 10 Wm (Thronson et al . 1978) this source would produce only a 40% 
Increase above the irean ridge flux observed with a 4' beam, an amount too 
small to appear on our maps. With 1' resolution, Harper (1974) and 
Fazio et al . (1974) have observed a 1' - 3' diameter, low contrast source 


associated with NU Orl, the exciting star for M43. Our observed flux at 
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-9-2 4 

that point, 2 X 10 Wm corresponding to a luminosity of 1.5 x 10 L^, 

Is an upper limit to the flux from a discrete source at that point. It Is 

evident that our results reflect large scale heating and energetics rather 

than the local effects of Individual stellar sources. 

Figure 2 shows In detail the 55 and 125 urn flux densities measured along 
the ridge through OMC-1 and OMC-2 (4' beam) and, for comparison, the cor- 
responding 400 pm flux densities measured by Smith et a1 . (1979b; 3' beam). 

The shift of the continuum emission toward longer wavelengths as one iroves 
from OMC-1 to OIC-2 Is obvious; the ratio of the flux density at OMC-1 to that 
at OfC-2 decreases from -^60 at 55 pm to -vlO at 400 pm. 

In Figure Ic we present a map showing color temperatures which are derived 
assuming that the flux 1s due to optically thin thernal emission from dust 
with an emissivlty proportional to where n = 1. Taking this value of n 
one obtains a good fit to the measured spectrum at OMC-1 between 30 pm and 
150 pm (Thronson et al . 1978). A stronger dependence of emissivlty on fre- 
quency (n ^ 2) Is required at longer wavelengths to fit the 400 pm flux density 
measured by Smith et al . (1979b). The values derived for temperature and 
optical depth depend on the emissivlty. However, the relative values of these 
quantities are Insensitive to the choice of n for points within the mapped 
region. 

The color tenperature map in Figure Ic shows no local extrerra. A prominent 
feature of the figure Is the shift in direction of the temperature gradients 
between the northern and southern regions. In the region north of NU Orl 
containing OMC-2, the temperatures decrease from south to north; In the 
vicinity of 0^C-l they decrease from west to east. 
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In Figure 3 we show scans of total infrared flux, 55 ym/125 um color 

tenperature, and 125 pm optical depth along the ridge between OMC-1 and OfC-2. 

The color temperature has a value of ^60K near OMC-1 and falls to -v40K near 

OMC-2, with a shoulder near the declination of NU Ori (as ^ +7'). The 

125 um optical depths are derived from the flux densities shown in Figure 2 

and the color temperaures in Figure 3. Like the submil limeter optical 

depths derived for the ridge by Smith et al . (1979b) . the 125 ym optical 

depth has a minimum north of OMC-1, in the vicinity of NU Ori. 

A comparison of Figures la and lb with the C0(J*l-»^) molecular line 

map (Kutner et al . 1976) shows that the width of the ridge is smaller for 

1 3 

the dust continuum flux densities than for the CO line temperatures. Pro- 
files 'vlO' north of OMC-1, for example, show a full width at half maximum of 

13 

'\<5'-6 for the dust emission and MO' for the CO line tenperature. 
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rv. DISCUSSION 

Based on their 400 urn observations and the CO observations of Kutner 
et a1 /0976). Smith et a1 . ‘(1979b) have concluded that the dust responsible 
for the subminimeter radiation Is associated with two separate condensations 
of comparable mass ‘(lO^M^) , size (2 pc )', and optical depth. The southern 
condensation Is centered on OfC-1; the northern 've' north of OMC-2. 

Because of the similarity of the 55 and 125 ym maps to the 400 um map, 
particularly the presence and size of the ridge, and the correlation between 
the 125 ym and 400 ym optical depths, we shall assume that the dust responsible 
for the 55 and 125 ym emission Is also associated with the molecular clouds 
and that it may be the same dust responsible for the 400 ym emission. With 
these assumptions we shall discuss the large scale energetics of the region. 

a) OMC-1 Region 

In the vicinity of OMC-1 south of -5® 20*, our observed luminosity, 

5 

4 X 10 L , can be accounted for by the contined luminosities of the OB stars 

2 5 

in the Trapezium and 6 Ori (U » 3 x 10 L., A., '\. 2 maq., Smith et al. 1979a) 
and the OMC-1 infrared cluster (L* 1 x lo\^, Werner et al . 1976). The 

color temperatures to the west of OMC-1 show the effect of dust associated 
with M42; the increase of color temperature with Increasing distance westward 
from the Trapezium indicates that the colurw density of warm dust associated 
with the HII region decreases less rapidly than that of the cooler dust as- 
sociated with the molecular cloud. Radio continuum observations (Goss and 
Shaver 1970) also show the greater extent of the HII region to the west. 

Higher resolution far-infrared observations (Werner et al. 1976) show details 


not resolved In the present data. They show, for example, that the infrared 
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cluster domlnlates the heating within a 1' dlaiiNSter region, and that the 
Trapezium Is responsible for powering an Ionization front '^.2' to the southeast. 
b) Region of minimum column density 

4 

We iiHiSt account for an observed luminosity of 'v2 x 10 L In the region 

0 

of mlnliwim colunrn density between OMC-1 and OMC-2 (^8' north of OMC-1); the 
exact luminosity Is uncertain due to the large beam used for the observations 
and the proximity of the very bright 6' wide source at OMC-1. Two sources 
to consider are NU Orl and OMC-1. 

The luminosity (2 x lO^L^), extinction (2.4 mag., Smith et al . 1979a) 
and position ('^-2' east of the ridge) of NU Ori suggest that It may be an 
ii-^ortant source for heating the dust near the ridge. The observed constancy 
of the ridge temperature north of OMC-1 also suggests that local heating of 
tie ridge persists to near the declination of NU Orl. The diameter of M43 
observed at 5 GHz (3.3', Goss and Shaver 1970) shows that the stellar flux 
from NU Orl extends ^2',the perpendicular distance to the center of the ridge. 

That flux will be absorbed much more efficiently than the far-infrared flux from 
OMC-1 , and hence will be the dominant heat source wherever the NU Orl flux Is a sub- 
stantial fraction of the 0^C-l flux. At the center of the ridge 7' north of 
OMC-1 the Incident flux from fftJ Orl could be '^'60% of that from CWC-1. On the 
other hand, the luminosity observed with a 4' beam exceeds the possible 
contribution of NU Orl by at least a factor of 2, Implying that OMC-1 must 
also make a substantial contribution of the overall heating. The relative 
contributions of the two sources depends on the geometry of the ridge. 

c) OMC-2 Region 

At OMC-2 there may be significant contributions to the dust heating 
from at least three sources: the OMC-2 Infrared cluster, NU Orl, and OMC-1. 
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The total far-infrared luminosity observed with the 4' beam Is 4000 L^. 

The Infrared cluster Is Imbedded In the edge of the northern condensation; 
the dense surrounding material should be efficient In converting the prlBury 
radiation into the far-infrared. However, with a luminosity of only 600 L. 
(Thronson et al . 1978; 0.83' beam) the Infrared cluster can contribute no 
more than 151 of the observed flux. The steep north-south temperature 
gradient suggests that heating by the southern sources (NU Orl and OlC-1) 

Is Important. For a 4' diameter region centered on OMC-2, the optical flux 
from NU Orl can contribute at most ''-600 U. The flux from OMC-1 Is \S times 

w 

larger. The total flux from these three sources is sufficient to account for 
the observed total luminosity at OMC-2 but only If that region Is nearly 
opaque to the infrared radiation from OMC-1 or If the total radiation from 
the OMC-2 Infrared cluster Is substantially greater than has been observed 
with the 0.83' beam used by Thronson et al . (1978), 



n 

V. CONCLUSIONS 

We have mapped a 6' x 20' region Including OMC-1 and OMC-2 with 
a resolution of 4' at 55 pm and 125 um and have derived far- Infrared color 
tefT^)eratures for the mapped region. The OMC-1 source with a size of 6' 

FWHM emits 90% of the observed luminosity. A ridge of lower surface bright- 
ness extends from OMC-1 to OMC-2. Temperatures along the ridge decline 
from 'veOK near 0f1C-l to -vAOK at O^C-2. South of NU Orl the temperature 
gradient Is predominately east-west; further north. In the region of C^C-2, 
the gradient is north-south. 

In the region of minimum coluiwi densit; between OMC-1 and OMC-2, the 
present observations show evidence for local heating by the optical flux 
from NU Orl and by the Infrared flux from OMC-1. In the region of OMC-2 
the known sources, the OMC-2 Infrared cluster, OMC-1 and NU Orl, are barely 
sufficient to account for the observed luminosity unless the opacity Is 
greater or the cluster more luminous that expected. 
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FIGURE LEGENDS 

Far infrared maps of the region between OMC-1 and OMC-2. 

Contour maps of a) 55 um and b) 125 urn flux density, normalized 

to a peak value of 100. c) Contour map of color temperatures 

derived assuming spectra of the form vB(v,T). The position of 

OMC-1 (the Kleinmann-Low Nebula) is marked by a cross; the position 

of 0^C-2/ IRS-4 (Gatley et al . 1974) is marked by a triangle. The 

2 

filled circles mark the positions of t'-^ stars NU Ori , 9 A and B, 
and the Trapezium. The dashed line in Fig. la indicates the loca- 
tion of the one-dimensional scans shown in Figures 2 and 3. 

Flux densities at 55 urn and 125 urn (this work) and at 400 ym 
(Smith et al . 1979) along the ridge between OMC-1 and OMC-2 (see 
dashed line, Fig. la). = displacement in declination from 
-5® 24.7, the position of OMC-1 (the Kleinmann-Low Nebula). 

For the 4' beam of these observations, we assume flux densities of 
5 5 

4 x 10 Jy at 55 ym and 2 x 10 Jy at 125 urn for = 0. The 
statistical errors are in the range 12-25% for the four northern- 
most 55 urn points and _<10% for all other points. 

Scans of total infrared flux, 55 ym/125 urn color temperature, and 
125 urn optical depth along the ridge between OMC-1 and OMC-2 (see 
dashed line. Fig, la). A6 = displacement in declination from 

15® 24.'7- For the 4' diameter beam of these observations we 

-8 -2 

assume a flux of 3 x 10 Wm and a 55 ym/125 ym colar temperature 
of 60K at A6 = 0. Statistical errors in flux are shown wherever 
the error bars are larger than the points. The total errors shown 
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I v/ 

for the color temperatures include statistical errors in flux 
density and the (larger) systematic errors due to possible 
misalignment of the 55 ym and 125 ym beams with respect to each 
other. The errors in optical depth include the effects of 
temperature errors (asymmetrical ; dominant for most points), and 
of statistical errors in flux density (synmetrical ; dominant for 
northernmost points). 
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